Aim: The aim of the study was to develop and implement an obesity and weight gain prevention program targeted to a highrisk group. Method: Women, 18-28 years old, with at least one severely obese parent, were randomized to the intervention or control group of the 'Health Hunters' program. During 1 year of follow-up, the intervention group received an individualized behavioral program focusing on food choice, physical activity and other lifestyle factors. Anthropometric measures, DXA-based body composition and fitness levels were measured at baseline and after 1 year. Self-reported changes in obesity-related behaviors were also assessed. Results: Baseline examinations were conducted in 40 women, of whom 30 completed follow-up examinations 1 year later. Pregnancy was the most common reason for failure to complete the study. Compared to the control group (which gained weight), the intervention group displayed significant improvements in body weight, body mass index, waist circumference, waist-to-hip ratio and self-reported physical activity. Changes in body composition, although not significant, suggested that the intervention tended to be associated with improved body composition. Further analysis of changes in diet and fitness in relation to concurrent weight changes indicated that the strongest 'protective' associations were for energy percent protein, fiber density and fitness. Conclusion: Pilot data from the Health Hunters obesity prevention program indicates that it is effective in high-risk young women with familial predisposition for obesity.
Introduction
The prevalence of obesity is increasing dramatically in Sweden. Between 1980 and 2002, the largest increases could be seen in the age groups 16-34. Among young women in this age group the prevalence of obesity more than doubled. 1 Young adulthood is recognized as a high-risk period for developing weight problems. 2, 3 Evidence is accumulating that genetic factors interact with environmental lifestyle factors in the etiology of weight gain. [4] [5] [6] Despite much discussion on the importance of primary prevention, 7, 8 relatively little is known on how to implement successful obesity prevention programs. As outlined by the WHO Consultation on Obesity, prevention of obesity can occur at different levels. While a population-level intervention is believed to be the only realistic long-term strategy for slowing the global epidemic, such an approach requires major political, environmental and technological changes. To achieve obesity prevention in the shorter term, it may be necessary to employ a targeted strategy in which high-risk individuals are identified and offered professional support to prevent excessive weight gain. 7 Observational evidence supports the hypothesis that a high-risk, predisposed group might experience a particular benefit from reducing dietary fat 4 and that the obesity-promoting effects of fat may be further dependent on physical activity. 9 A consensus meeting about how much physical activity is sufficient to prevent unhealthy weight gain recommended that a moderate intensity activity of about 45-60 min per day is necessary for obesity prevention. 10 The aim of the present study was to determine whether an individualized support program about optimizing diet and physical activity in young women with high-risk familial profiles for obesity can prevent weight gain and progression of obesity.
Methods

Subjects
Women 18-28 years old, with at least one obese parent, were identified via their parents who were enrolled in the existing Swedish Obese Subjects (SOS) study. 11, 12 Specifically, the SOS parent study included women and men with a body mass index (BMI) X40 and BMI X37 kg/m 2 , respectively, for a surgical or nonsurgical treatment. Based on data collected at the initial SOS screening examination, subjects' young adult children could be identified. With the permission of their parents, offspring were contacted and invited to participate in a health program. Inclusion criteria were: living in Göteborg or in the vicinity, BMI over 18.5 and the capability to fill in the questionnaires without help.
Pregnancy, evidence of eating disorders, serious diseases that could affect compliance and plans to move far from Göteborg within the next year were exclusion criteria. This study was reviewed and approved by the Ethics Committee of Göteborg University.
Study design
At the time of their baseline examinations subjects were randomized to an intervention-or control group. Three different dietitians conducted the intervention. The protocol at the initial visit and after 1 year was identical for all subjects. They were examined at the Clinical Laboratory for Metabolism and Body Composition at Sahlgrenska University Hospital or at Vasa hospital, Osteoporosis Laboratory, Göteborg, and the treadmill tests were performed at the Metabolic Laboratory at Sahlgrenska University Hospital. Each participant underwent anthropometric examinations in which body weight was recorded to the nearest 0.1 kg and standing height to the nearest centimeter. BMI was calculated as weight (in kg) divided by the square of height (in m). Waist circumference (WC) was measured in recumbent position to the nearest centimeter using a tape measure, which was placed halfway between the lower rib margin and the iliac crest. Hip circumference (HC) was measured with the same tape measure to the nearest centimeter at the widest point between hip and buttock. Waist-to-hip ratio (WHR) was calculated from the waist (cm) divided by hip (cm) circumferences. Total body composition was estimated by dual X-ray absorptiometry (DXA). A VO 2 -max test on the treadmill was performed, for measuring oxygen uptake and carbon dioxide production using a Medical graphics CPX analysis system. Participants started with a warm-up period at a speed of 1.5 km per hour for 2 min followed by an increase to 12% elevation for 1 min. After that the speed was increased by 0.1 km per hour every 10 s until the participant was no longer able to continue. Physical activity questions describing activity during work, commuting and leisure were transformed into a point-based physical activity scale (kcal/ week). 13 Diet was assessed with a semiquantitative food frequency questionnaire. 14 
Description of intervention
The intervention program ('Health Hunters') was designed, which objectives of increasing energy expenditure, modifying obesity-related dietary practices, and promoting behavioral skills that support these lifestyle changes, while offering weight control information when appropriate. Previous exploratory interviews conducted in the high-risk target population were strongly indicative of a need for individualized programs. The program lasted for 1 year, during which time the intervention group received a customized support package, divided into three main theme areas: physical activity, diet and weight control. Within each theme area, informational and self-help materials were prepared relevant to the expressed needs and preferences of individuals. While all subjects received some basic core materials from each theme area, they decided themselves when to focus on which sections of the program. The Health Hunters program was designed to be delivered by means of an initial face-to-face examination and counselling session at baseline, followed by regular personalized contact via telephone, e-mail, occasional group sessions on topics of food preparation and weight control, special interest lectures, and 'booster' visits with dietitians. Together, subjects worked with the support staff to develop individual strategies for overcoming barriers to more healthy lifestyles. 15 After finishing the study the control group got access to the information material, which is available on the internet.
16
Statistics Standard methods were used to calculate mean values and standard deviations. Two sample t-tests and ANOVA were used to test the hypothesis of no difference in mean changes between the control and intervention group. Linear regression models were used to analyze the weight change in all participants in relation to changes in diet, physical activity and selected behaviors. P-values of less than 0.05 were considered to be significant. An intention-to-treat analysis was conducted in which drop outs in the intervention and control groups were assigned average weight change values that were observed in the control group.
Results
Baseline examinations were conducted in 40 women. Follow-up examinations were carried out in 14 women in the intervention group and 16 in the control group. The most common reasons for drop out were: pregnancy (6), moving out of Göteborg (2) and other reasons (2) . The mean duration of follow-up was 13.7 and 13.5 months in the intervention and control group, respectively (n.s.). The first subject was included November 1997 and the last January 2001 in the study.
Obesity prevention G Eiben and L Lissner Table 1 shows selected characteristics of study participants at baseline. There were no significant differences comparing the intervention-and control group in the mean values at baseline.
The mean values for changes in body weight after 1 year are presented in Table 2 . Significant differences, comparing the women's changes in the intervention and control groups, were found for body weight. In both groups a wide range of weight changes could be observed. Considering the slight differences in mean body weight at baseline in the intervention vs control group, a re-analysis was performed controlling for baseline body weight as well as age and smoking; significant differences still remained. Finally, changes in body weight analyzed with the intention-to-treat principle are also presented in Table 2 . Even if the worst case for the drop outs were assumed, which is they would increase in body weight by the same amount as the control group, the intervention group still had a significant difference in weight change compared to the control group.
Mean values for changes in BMI, WC, HC, WHR and body composition are presented in Table 3 . Significant differences comparing the women's changes in the intervention-and control group were found in BMI, WC and WHR. Although changes in body composition were not statistically significant, the intervention tended to be associated with improved body composition.
Changes in physical activity, diet and smoking in the two groups are presented in Table 4 . Although there were trends towards improved fitness and selected dietary factors in the intervention group, these changes were not statistically different from those observed in the control group. However, changes in self-reported physical activity levels differed significantly between the groups. After 1 year, smoking was stable in the intervention group while it tended to increase in the control group, although the difference between the groups was not significant.
Finally, an analysis was conducted relating all subjects' weight changes with changes in diet and fitness factors (Table 5) . Those who did lose weight decreased their percent dietary fat intake and increased their percent protein intake and fiber density, while intake of carbohydrate was unrelated to weight change. Moreover weight loss was significantly associated with an increasing VO 2 max and more time spent on the treadmill. Controlling for treatment group had no major effect on the associations between behavioral and weight changes. When stratifying by intervention vs control 22 32 Values are expressed as mean and standard error (s.e.). All differences were non-significant. Obesity prevention G Eiben and L Lissner group (data not shown) time on treadmill remained a significant factor in both subgroups. The direction of all significant associations shown in table 5 remained unchanged after stratification.
Discussion and conclusion
These results support the growing body of evidence that it is possible to prevent obesity in high-risk groups. Specifically, the Health Hunters program prevented weight gain over 1 year in young women with familial predisposition for obesity. Significant differences in changes in body weight, BMI, WC, WHR and physical activity were found comparing the intervention-and control groups. An analysis of changes in behavior identified factors such as fat intake, protein intake, fiber density and fitness being relevant indicators of concurrent weight loss.
Comparing the intervention and control group suggests that the intervention resulted in increased physical activity as reported by participants, but this was not confirmed by more objective measures of fitness. However, both of these fitness measures were significantly associated with concurrent weight loss in the two treatment groups combined. It should be mentioned that self-reported physical activity was significantly associated with both VO 2 max and time spent on the treadmill (not shown), suggesting that these three measures are capturing some of the same information. Thus, on the whole, these results are fairly consistent with the conclusion that the physical activity component of the intervention worked as intended. However, we cannot exclude the possibility that part of the apparent intervention effect was a consequence of subjects' over reporting compliance.
The results of the dietary intervention were also somewhat variable. Although there was no statistical significant intervention effect on any of the dietary indicators studied, analysis of concurrent dietary changes in relation to weight change yielded strong associations in both intervention groups combined. Specifically, there was a significant positive association between weight loss and decreased fat intake and even stronger inverse associations with protein and fiber intake. These results are in line with current knowledge from experimental 17 and intervention 18 research.
The major limitation of this study is the small sample size. Originally, the study was planned with a larger number of subjects but due to circumstances it could not be carried out. Thus, we refer to this as a pilot study. Despite this limitation all results show at least a tendency in the hypothesized direction, indicating a benefit of intervention. It would also have been desirable to have a follow-up period of longer than 1 year, although extending the observation period would probably have resulted in even greater dropout from pregnancies and relocation. Additionally, a wide range of changes in body weight was observed, which may have indicated heavy influences of outlying values. However, nonparametric analyses yielded results were almost the same as those reported here. It was also observed that in each group there was one participant who joined a commercial weight loss program during the follow-up period. Thus, a reanalysis was undertaken without these two subjects and results for changes in body weight turned out to be slightly better (P ¼ 0.028) compared to the original sample. Finally, although the main analysis was controlled for baseline smoking it could be observed that the frequency of smoking increased in the control group during the follow-up time while it was stable in the intervention group, which could have resulted in an underestimation of the weight change effect.
On the other hand, this is to our knowledge a unique study of obesity prevention in young adult high-risk individuals with familial predisposition to obesity. Most previous high-risk studies have been conducted in children [19] [20] [21] and have not yielded positive intervention effects. Weight gain prevention studies with targeted adult groups such as pregnant 22 and menopausal women 23 have shown significant results, providing further evidence that interventions can be effective in high-risk female groups. A number of previous obesity prevention studies are directed to whole populations or groups. In 1998 Foster and Jeffrey reported a successful weight gain prevention study among individuals who had been screened for cardiovascular risk factors in the Minnesota Heart Health Program. 24 About 219 men and women were enrolled in the study and randomly Obesity prevention G Eiben and L Lissner assigned to treatment or control. After 1 year, the treatment group had decreased 1 kg body weight while the weight in the control group was almost stable. The treatment method was in some ways similar to Health Hunters: the intervention group received regularly newsletters and had an educational course of four sessions, but there was no individual contact. In other prevention studies published in the 1990s or earlier, the primary purpose was to prevent cardiovascular diseases and one of the secondary aims was to prevent obesity. The majority of these studies were directed to whole populations. Most studies succeeded in modifying risk factors like smoking, high blood pressure and high cholesterol [25] [26] [27] [28] [29] but not in preventing weight gain. In the last years more and more studies have been published reporting positive effects on weight gain prevention in different populations. [30] [31] [32] [33] [34] Still, about half of the published studies cannot show any intervention effect on weight which demonstrate the difficulties in preventing weight gain. [35] [36] [37] [38] It is urgent to start prevention programs in high-risk groups as early as possible. Over 1 year the participants in the control group 3 in the present study increased their weight almost as much as the participants in the intervention group decreased theirs, which is an alarming situation, since this may continue in the absence of an intervention. The annual costs of the Health Hunters program have been roughly estimated to about 3 h of work for a dietitian to prevent or decrease 1 kg body weight. This calculation, which is based on subjects included during the second half of the study only, uses the average weight gain of 2.6 kg as a reference. At the present time, it is feasible to continue the obesity prevention program on a larger scale at a relatively low economical level since the routines of the program are established. The costs for prevention must be weighted against health consequences of obesity later in life. Finally, we must not forget other potential targeted populations, such as high-risk young men and children. An important task for the future should be to modify the program to also suit these groups. In fact, the Health Hunters materials are currently being tested in primary health care and school settings, including in high-risk children-parent groups. Giving the rising rate of obesity, there is a great need to adopt this type of preventive program to diverse groups.
In conclusion, young women with severely obese parents constitute a high-risk group for weight gain. The Health Hunters obesity prevention program succeeded in preventing weight gain in young high-risk women with familial predisposition for obesity. The high-risk approach can and should be used for prevention of weight gain.
